Soortia roseihalophila gen. nov., sp. nov., a new taxon in the order Balneolales isolated from a travertine spring, and description of Soortiaceae fam. nov. T from species of the most closely related genera, Gracilimonas, Balneola, Aliifodinibius and Fodinibius. The strain was able to grow with 1-3 % (w/v) (optimum at 2 %) NaCl, at temperatures of 28-34 C (optimum at 30 C) and between pH 6.0 and 8.0 (optimum at pH 7.0). The major cellular fatty acids of strain Bsw-2b
The order Balneolales belongs to the class Balneolia, phylum Rhodothermaeota and, at the time of writing, the order includes four genera: Aliifodinibius, Balneola, Fodinibius and Gracilimonas, which all belong to the family Balneolaceae [1] . So far, all representatives of the genera Aliifodinibius and Fodinibius have been isolated from hypersaline environments and are considered to be moderately halophilic bacteria [2] [3] [4] ; however, members of genera Balneola and Gracilimonas mostly belong to marine environments [5, 6, 7] . The order Balneolales accommodates Gram-staining-negative, non-endospore-forming, rod-or curved-rod-shaped bacteria that are pigmented, chemoheterotrophic, catalase-positive, aerobic, non-motile or motile by flagella and which have DNA G+C contents between 39 and 49 mol% [1] .
Badab-Soort spring is one of the most beautiful travertine springs in the world and is located at 36 21¢ 30.5 † N 53 51¢ 38.0 † E in the north of Iran and at an elevation of 1840 m.
This spring has iron minerals, which cause red, pink, white and grey colours in the spring's structures that can be radial or laminated (Fig. S1 , available in the online Supplementary Material). This spring has some springheads with different physical and chemical features that are very close together; springheads with different water sources and originsof the underground and upper layers have unique features. Geological maps of this area report some faults as in other travertines [8] , which allow discharge of the water through these faults. Precipitated carbonate deposits are observed.
During a study of the diversity of prokaryotic micro-organisms in Badab-Soort spring, a collection of bacterial strains was isolated. One of them was a slightly halophilic bacterium which was believed to represent a novel bacterial taxon. The aim of the present work was to determine the exact taxonomic position of this strain by using a polyphasic taxonomic characterization that combines phenotypic, chemotaxonomic, phylogenetic and genotypic analyses.
train T was isolated by plating the water samples taken from Badab-Soort spring on modified nutrient agar (MNA) medium which contained 2.5 % (w/v) total salt (g l 3 , 0.0045 and agar, 15.0; distilled water, 1000 ml. The pH was adjusted to pH 7.3 with 1 M NaOH and the inoculated plates were incubated at 30 C for 2 weeks. The strain was subsequently purified three times by plating on the same medium. The strain was maintained on MNA medium and also at À80 C in MNA medium without agar and supplemented with 30 % (v/v) glycerol.
In order to characterize strain Bsw-2b T phenotypically, standard phenotypic tests were selected according to the recommendations of the notes on the characterization of prokaryote strains for taxonomic purposes [9] . For comparison in our study, Gracilimonas tropica DSM 19535
T and Balneola vulgaris DSM 17893
T were used as reference strains. They were cultured following the recommendations of the culture collection.
Cell morphology was examined with an Olympus BX51 microscope equipped with phase-contrast optics and a KYKY model 3200 scanning electron microscope using cells from exponentially growing cultures. Gram staining was performed by the Burke method [10] . The presence of endospores was investigated by using the Schaeffer-Fulton staining method [10] . Production of flexirubin pigments was investigated by using the bathochromatic shift test with 20 % KOH [11] . Motility was analysed by the wet-mount method [10] . Catalase and oxidase activities, nitrate reduction, hydrolysis of aesculin, casein, gelatin and starch, production of indole and the Voges-Proskauer test were carried out as recommended by Smibert and Krieg [12] , using media with 2 % NaCl. Hydrolysis of Tweens 20, 40 and 80 was examined as described by Harrigan and McCance [13] on media with 2 % NaCl. The ability of strain T to grow anaerobically was tested in MNA medium with 2 % NaCl in a GasPack anaerobic container system (BD Diagnostics, USA).
The miniaturized identification system API ZYM and API 20E kits (bioM erieux) were used for examination of enzymic activities and acid production from carbohydrates, respectively. Utilization of carbon sources was performed as recommended by Ventosa et al. [14] . Antimicrobial susceptibility tests were performed on Mueller-Hinton agar plus 2 % (w/v) sea salts [14] seeded with a bacterial suspension containing 1.5Â10 6 c.f.u. ml À1 using discs (HiMedia) impregnated with various antimicrobial compounds. The plates were incubated at 30
C for 48 h, and the inhibition zone was interpreted according to the manufacturer's manual.
To determine the range and optimal temperature for growth of the strain, modified nutrient broth with 2 % NaCl was incubated at 4, 10, 15, 20, 28, 30, 34 and 40 C for 2 weeks. For growth experiments at different pH values, a range of pH 5.0-9.0 at intervals of 0.5 pH units was tested; the buffers MES (pH 5-6.5), HEPES (pH 7-8) and CHES (pH 8.5-9) were added at a concentration of 50 mM. Growth at different NaCl concentrations (0, 1, 2, 3, 5, 7 and 10 %, w/v) was tested on modified nutrient broth at pH 7.0. Growth was monitored by turbidity at OD 600 using a spectroscopic method (model UV-160 A; Shimadzu). Other physiological and biochemical tests were performed as described previously [14] [15] [16] .
Cells of strain Bsw-2b
T were Gram-stain-negative, strictly aerobic, curved and motile rods; horseshoe-shaped, spirillum, coccoid and crescentus forms were also observed ( Fig. 1) . Colonies formed on agar plates were small (about 0.5 mm diameter), smooth, translucent, circular, convex, round with an entire edge and pale-red-pigmented. The organism produced flexirubin. The strain was a slightly halophilic bacterium, growing in media containing 1.0-3.0 % (w/v) NaCl and optimally in media containing 2.0 % (w/v) NaCl. No growth was observed in the absence of NaCl. Strain Bsw-2b T grew at a temperature range of 28-34 C (optimum temperature at 30 C), pH 6-8 (optimum pH at 7.0). This isolate was sensitive to chloramphenicol (30 µg), tetracycline (30 µg), amikacin (30 µg), rifampicin (5 µg), cefoxitin (30 µg), polymixin B (300 U) erythromycin (5 µg), gentamycin (10 µg) and bacitracin (10 µg), but resistant to penicillin G (10 U), ampicillin (10 µg), nalidixic acid (30 µg), tobramycin (10 µg) and kanamycin (5 µg). The detailed physiological and biochemical characteristics of strain T are listed in Table 1 and in the species description.
Genomic DNA of strain Bsw-2b
T was extracted using the method described by Marmur [18] . The 16S rRNA gene was amplified using the bacterial universal primers 27F and 1492R [19] . PCR products were purified with a DNA purification kit (Roche), according to the manufacturer's protocol. The purified PCR products were then electrophoresed on a 1 % agarose gel to check their quality. Ligation of the PCR products with the pGEM-T vector, transformation of Escherichia coli DH5a and selection of the transformants were carried out with a pGEM-T TA cloning kit (Promega), used according to the manufacturer's protocol. Clones were randomly picked and then sequenced by the service of Macrogen Company, South Korea.
The 16S rRNA gene sequence was aligned with the published sequences of the type species of the phyla Bacteroidetes and Rhodothermaeota, and the alignment was confirmed and checked against both primary and secondary structures of the 16S rRNA molecule using the alignment tool of the ARB software package [20] . A specific ARB database for Bacteroidetes and Rhodothermaeota (including 1155 species) was used [1] . Phylogenetic trees were reconstructed using neighbour-joining [21] and maximum-likelihood [22] algorithms integrated in the ARB software using a 40 % maximum frequency conservational filter. The stability of the topology of the neighbourjoining phylogenetic tree was determined using the bootstrap method with 1000 repetitions [23] . Due to the computational cost, the bootstrap analysis for the maximum-likelihood tree could not be calculated.
An almost-complete 16S rRNA gene sequence (1516 bp) of strain Bsw-2b
T was obtained and used for BLAST searches in GenBank and phylogenetic analysis. The identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server [24] . The 16S rRNA gene sequence analysis showed that strain T is a member of the order Balneolales, but there were very low similarities to type strains of other members of this order. T and other taxa was lower than 80.0 %.
Phylogenetic analysis using the neighbour-joining algorithm revealed that strain Bsw-2b
T represents a separate lineage (Fig. 2) . The phylogenetic position was also confirmed in the tree obtained using the maximum-likelihood algorithm (Fig. 2) . Based on the sequence divergence, it was evident that strain Bsw-2b
T clustered as a separate clade within the order Balneolales, showing very low 16S rRNA gene sequence similarity with the previously described taxa of this order.
Cell biomass for fatty acid analysis was obtained by cultivation on MNA medium with 2 % NaCl at pH 7.0 and 30 C. Cells were harvested in the mid-exponential growth phase. The whole-cell fatty acid composition of strain Bsw-2b
T was determined according to the standard protocol of the Microbial Identification System (MIDI; version 6.1; Identification Library TSBA40 4.1; Microbial ID). Extracts were analysed using a Hewlett Packard model HP6890A gas chromatograph equipped with a flame-ionization detector as described by K€ ampfer and Kroppenstedt [25] . Fatty acid peaks were identified using the TSBA5.0 database. The cellular fatty acid profile of strain Bsw-2b
T was characterized by the fatty acids iso-C 15 : 0 (28.2 %), iso-C 13 : 0 (17.4 %), anteiso-C 17 : 0 (16.1 %), iso-C 14 : 0 (13.5 %) and summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 !7c) (11.4 %), as the major fatty acids. The fatty acids profile was different from those of the related type species of the genera Gracilimonas and Balneola. The new isolate could be distinguished by the absence of C 17 : 1 !8с, C 15 : 1 !6с, C 15 : 0 , iso-C 17 : 0 and C 16 : 1 !5с in contrast to species of the genera Gracilimonas and Balneola. Besides, the percentages of several other fatty acids were different (Table 2) .
Cell biomass for isoprenoid quinone and polar lipid analyses was obtained by cultivation on MNA medium with 2 % NaCl at pH 7.0 and 30 C. For polar lipid analysis, strain Bsw-2b T and G. tropica DSM 19535 T were cultivated under identical conditions. Polar lipids were analysed as described by Groth et al. [26] . Isoprenoid quinone analysis was carried out as described by Monciardini et al. [27] . Strain Bsw-2b
T contained MK-7 as the only isoprenoid quinone, which was similar to what was reported for the related genera Gracilimonas, Aliifodinibius and Fodinibius, which contain MK-7 as the only or major isoprenoid quinone [2, 3, 7] . The polar lipids of strain Bsw-2b T were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, an unknown glycolipid and four unknown lipids (Fig. 3) . The polar lipid profile was similar to that obtained for G. tropica DSM 19535 T but there were differences in the number of unknown lipids and the absence of phospholipid in strain Bsw-2b T .
For determination of DNA base composition, cells were disrupted by using a Constant Systems TS 0.75 KW (IUL Instruments) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. [28] . The DNA G+C content was determined by reversed-phase HPLC of nucleosides according to the protocol of Mesbah et al. [29] . The G+C content of the DNA of strain Bsw-2b T Strain Bsw-2b T is clearly distinct from members of other related genera in the phyla Rhodothermaeota and Bacteroidetes, not only by 16S rRNA gene sequence divergence (>15 % difference from the nearest genera Gracilimonas and Balneola), but also by different percentages of the predominant fatty acids, DNA G+C content and several morphological features, and biochemical and physiological characteristics, providing firm evidence for distinguishing it from other related genera (Table 1) . On the basis of these data from the polyphasic taxonomic study, the novel strain should be assigned to a novel genus and species in a new family for which the name Soortia roseihalophila gen. nov., sp. nov. is proposed, within the novel family Soortiaceae fam. nov.
DESCRIPTION OF SOORTIA GEN. NOV. In addition to those given in the genus description, the following properties are observed. Cells are motile, curved rods with a width of 0.3-0.4 µm and length of 1.5-2.5 µm under optimal conditions. Colonies on MNA medium with 2 % NaCl after 24 h at 30 C are small (about 1.0-2.0 mm diameter), convex, round with an entire edge and pale-redpigmented. Slightly halophilic. Growth under anaerobic conditions is not observed. Growth occurs at 28-34 C (optimum at 30 C), at pH 6.0-8.0 (optimum at pH 7.0) and with 1-3 % NaCl (optimum at 2 %). No growth occurs in . Total lipid material and specific functional groups were detected using molybdenum-blue reagent (phospholipids), molybdophosphoric acid (total lipids), ninhydrin (free amino groups), Dragendorff (quaternary nitrogen) and a-naphthol/sulphuric acid (glycolipids). DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; PE, phosphatidylethanolamine; GL, glycolipid; PL, phospholipid; L1-L4, lipids. the absence of NaCl. Positive for oxidase, but negative for catalase activity. Indole and H 2 S are not produced and nitrate and nitrite are not reduced. Aesculin, gelatin, starch, and Tweens 20, 40, 60 and 80 are hydrolysed, whereas casein, urea and DNA are not hydrolysed. Lysine decarboxylase activity is positive, while arginine dihydrolase, tryptophan deaminase and ornithine decarboxylase are not produced. Methyl red and Voges-Proskauer tests are negative. Acid production from arabinose is positive. Cannot produce acid from D-glucose, D-mannitol, inositol, D-sorbitol, sucrose, L-rhamnose, melibiose or amygdalin. D-Glucose, L-arabinose, D-galactose, maltose, lactose, glycerol, xylose, gluconate, inositol, sorbitol, mannose and cellobiose are utilized as sole sources of carbon and energy while succinate, adonitol, rhamnose, acetate, citrate, capric acid, adipic acid, malate and D-mannitol are not. Alkaline phosphatase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, b-glucuronidase and b-glucosidase are produced, but esterase (C4), esterase lipase (C8), lipase C14, leucine arylamidase, a-galactosidase, a-glucosidase, Nacetyl-b-glucosaminase, a-mannosidase and a-fucosidase are not produced.
The type strain is Bsw-2b T (=IBRC-M 10915 T =LMG 28547 T ) isolated from a water sample from Badab-Soort travertine spring in North of Iran. The DNA G+C content of the type strain is 40.5 mol% (HPLC).
DESCRIPTION OF SOORTIACEAE FAM. NOV.
Soortiaceae (Soor.ti.a.ce¢ae. N.L. fem. n. Soortia type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Soortiaceae family of the genus Soortia).
This family is defined on the basis of 16S rRNA gene sequence similarities. Family Soortiaceae belongs to the phylum Rhodothermaeota, class Balneolia and order Balneolales. The description is identical to that given for the genus Soortia. The type genus is Soortia and it contains the species Soortia roseihalophila as the sole representative of the family. 
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